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ABSTRACT

Evaluating suparcmpucar Parfommc- is mr- dMfi-
CUIC chmt cvaluattig porforunca for otlwr typao
Sf cog-putoro bccauso of tlu virh rmgc of P9rfom
mcao ●ncounccred. Depanding on tti purpoM of t~

•VSlU4ti~, nchodo of evaluation CUI ba u-d that
trado off 10W1 of ●ffort md acaracy, including
rulaB of throb, mdytical models, caottig, md
Oimulat ion.

1, INTRODUCTION

Tkra ● rt cwo wtivas for tha ●valuation of ●upar-
computars: to pradicc tho ptrforuncc of ●lcoms-
tivc architocturon during ctw daoi~ proccm md
CO pradict cho par formanco of ●lcornativo caput -
● rs during th- scquioitim proccao. Tha laval of
cfforr axpand~d cm tha first of that motimn is
typically much Sraatar thsn for tho ●ocond. This
p~pcr focun~c on tha mthod~ ussd in tho ●cquioi-
tion procacc, ~lthough cho mathodo w;. ~marallv
●pplicable.

inotructiono; hU3CC, ona rula of th-b 10 that
l/Tc 10 ch9 pti %o-op” rat~, I.a. , th9 ●aism
rata of uocution of ●calsr Inscructi.onm.

Ttu ●uotslrmd rat. of SUIU axmcuticm is, of
cmr~, mch laso thn thlo, dw Co d.alsyo la
mry ● ccaa B ad oparat4.m ●-cution. For ● x-
-PIc, tbo = 7600 tud ● cyCl~ tim of 0.0273
nicro~cmds, knc~ ic~ no-op rat. vat ●bout 36
million instruct tic pr ~cond (HIPS) ; kvovor,
ico ●scsinod rat. la Forcrsu cod.. WM mlj ab~t
10 HIPS, or 2SX of it. no+p rata. &chitactural
●fficiancy in diffarant damig~m vi.11 CUM chia
numbar to vAry ●mtvhat, but ● t ● rule of ch=b
va apact mot c~ut~ra to ●xacuta scalar cods ● t
●bout erm-third of tMir no-op rata, i.a. ,
l/(3mc) .

It la oaatimo of Intorott to bna ttu rata of
uBcatinJ floatiag-point Op.aratkls. For this
~rposa ● rula of throb is uc.od for convar:tig
HIPS to mllliorm of float~-paint o~ratims par
sacond (HFLOPS). Kottiaton v~ry frm 3 to 5 for
tha ratio of HIPS/lWLOPS, but L 1. c~ly uud,
T!wo, Sivtn Tc, w can ●ctiaato ttu ●calsr fUWPS
rat. by l/(12~c). TO tab cho ~ 76W -ah,
thio vould CIVO l/(12*0.0273) - 3 HYLOPS, which 10
in th.a risht ballpuk.

If ● r-a of •cal~r prforunco i. kmwn, ttw
wightad iM~iC wan cm k uood to •sttim~ OUO -

tminod ~rfommco. Suppom, for umpla, V9 bov
that tlm ~ 7600 Ik40 ● ~rfo~co rangs of 2 co
6 fWLOPS and that thaca ma LO b-a squally vaightad;
th~ hammic ~m la thtn givan by

~ = 2/(1/2 + 1/6) ● 3 HYLOPS,

Rulao of thrmb for wctor Parfomancs ●ra laao pra-
CIM tha-l theta for scalsr Par fomsnca bacaun of
tho vido ran~a of vactor porfomco, It 10 not
wIunual for the patk to lW
ra~. to bs ● , high ● m 30,1,~&~.~r!%c~r-
fomca rmgoo •r~ typically laas thsn 3[1. Paak
vactor racas cm h caputcd fra tlw r~iio of th~
n-kr of rooults scnoratod ~r cyclo divided by
tho tk psr cyclt. For ●ampla, ti-aCybsr 20S
vith four pipalinao snd ● aycla tha of 0,020 ■icro-
oacamda !US ● path vector parfommc~ of b/O.020 =
2@l KPWP81 thio caputsr aloo ha. a “triadic
cccelorator” tha. can doubla thio ~rfomanco, ●o
peak parfommco vould thm 00 to 400 IUWPS.



W em n- cabimm wr ocmbr -d vmctor rulm# of
throb for ● ~lta ●mtxto by um~ th hmr-
mmic mm. Suppoaa ● meter prom--r hu ●

w.mtaimmd rata of 30 HPLUPS ad ● ●umtaimd ●cmbr
rmca of s ~. Thm hmmonic nmn of tb-o rato~
(usiq ●quml umi~hto) would cben bm

* - 2/(1/30 + 1/5) - 9 KFf.OPs.

In ~rp, to obtdn ● quick ●otiuto of thm pmr-
fom.mco of ● ●~rcoqutmr, ●otimmta sutainod
umlmr pmrfomaco fra tha cpcla t~, muotaimad
rector porforunca fra tho pomk vector rat. , md
tha mbtio thasa umin~ CM fU-iC Man.

3. AMA.LTTIW HODUS

hal~lcal motik ●ra wrm difficult to dorivm
tlun rulco of chd, but on- thy m. untirmtood,
thy cm h UA vlth ral.mtivoly littlo ●ffort;
~dolo cmm h rcmdily cdod up md run in WIC Q
# pmrsonal ca~tar, for ●mmplom Tha thoorotical
fandntim of tk~t modolm io thm vmight~d hmr-
mie nm:

V&’
where fi ● tht fraction of rooulta gmor~tad ct

r~tc B
i“

Thin wdml i. so bmsic to Undors?mmdlng

Computor porformm.ncs that it niiht M callad Tb
~ntul ~WiPl# ar C~tor Arohitwti,
it io SIW tha bmoic of what Ic callad “bottla-
noc. kology “--th@ ctudy of boctlanacko, Thim san-
●ric modal can b. uoad to doriva srchicactura -
opocific mdalo.

Tha analytical wdol c~ ly call-d “~dahl’a
tAW” 10 a apacial C~OQ of th.9waighc~d iMHi C

mmmn that includaa only tha lcwast md h@kot
Pmrfommncor bging comldarad, i,a. ,

1
A ■ f/R + (i-f)/r ‘

wharo f it tht fraction of mrk don. ● t tha hi~h
rata, R, md (l-f)
●t chc lW rata, r.

}, t~ fr.ction of work don.

A third mmlycical ●odal u~ful for p~rfommnco
●otimt ion ZO the unifom trcr@sc.* If U9 S*OW
thmt tho out of fractions of vmctori~ation for ●

sits workload ● ra unifomly diotributad w-r tho
intarval (0,1) , w CM ●pply tht unifom avormgo
from the titckral calculus to Mohl’o Ltu, mtd
darivo tk folloub~ r~oultl

~ a ~*(ln Rva)/(~~-1) ,

whart Ra ● tha unifom warqo rat~, Rv = th ~ak
rate, md Rva - ttu ratio of paak to ●inhm rsto.
Ths factor (ln Rvo)/(Rvm-1) is ●omntially m
●fflcimcy ftctor tF~t dotaminao what fr~othm of

al m indobtad to Dr; Lmlmtd Willl.ua of Trlamfllo
Unlvarsitios tiputtq tinter for this inni~htl
ho, in tusn, crodlts It to Profoocor R. Cusoon
of Duko Unlvaroity.

the ~ak prformanco, b, will ba ●chlmvmd for a
ci- rmlo of pmmk !0 b parfo~cm.

Thio rasult cmm bm gmnaralimmd by tmkhg tha uni-
fom mvara~e mm tha lntomal (a,b) within the
iatorval (0,1).

Tooting of ●pmrcaputora, ~ly cmlkd “bmnch-
mrking, ” poaa a chmllaqa bcmu~ of tha wida
parformmnco rmngc of ●qrcomputoro. A nmll vari-
●tion in ttm Opttiisatlm of ● Cda am cmuM a
●~nlfiunt diffarmncm in tho bmchnrk raoultn.
Thus, benchmmrka ●rc sits-dapudant: hnchmmrkr
for Sits A My not roprocant tha ~rfo-ce chat

wuld bt ●chlsvcd by Sit. B. To Msurs raltibla
lmnchmmrk dmt~, s oito dtould follow ● loamL the
follouinJ ●cape:

o Porfom ● worklomd charactortiation ccudy. ThiD
will dafin- clw typo of job. mnd tha fraction of
chm workload ttmy rmpraoanc.

o Scloct ● ●bmt of tha jobo to rapromont thm
whole ~rkload; tl,~aashould M thoti jobs having
tho highaot fracti.000 in ttu vorUoad.

o t3al*ct ~rtiona e! tlmso progrms (kmrnclo) to

dw to the lack of ● workload” ch~rsctarissclon ‘
study, to thm UM of kmnolo thmt do not raprcoant

thm pro:rao, or to tlw uoa Gf ttm ●ritbatic ■ aan
rathmr than tho harmonic MM,
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